Qualitatively, participants reported that knowledge, attitudes, and ownership were also affected by the program. Together these findings were used to construct a new behavioral model.
Introduction
Despite considerable progress, self-management remains an important barrier to optimal glycemic control in many individuals with diabetes. 1, 2 While conventional behavioral support interventions can be effective, [3] [4] [5] they generally do not result in sustained behavior change and require significant resources and patient commitment, limiting accessibility to large populations. Given the growing burden of diabetes worldwide and persistence of preventable morbidity and mortality, readily scalable yet effective behavior change strategies are urgently needed.
Recently, mobile phone technologies, and in particular automated text messaging, have emerged as a promising platform for behavior change, 6, 7 giving rise to the field of mobile health or mHealth. In addition to being widely available and low cost, 8, 9 text messages are instantaneously delivered at any time, place, or setting and therefore have the capacity to interact with the individual in real time, with much greater frequency and contextual relevance than conventional behavior change mediums or even computer-based ones. 7 Moreover, with 2-way communication, text messaging interventions have the potential to be "just in time"-for example, adapt to an individual's frequently changing health status and environmental contexts-and therefore be more individually tailored. 10 Although improved behaviors and clinical outcomes in diabetes have been demonstrated in a number of mobile health studies, 11 including a recent randomized study, 12 little is known about how mobile phone-based diabetes interventions actually drive behavior change. A recent review found that few mobile phone disease man-agement interventions were theoretically guided, and of those with a theoretical basis, few formally evaluated any of the behavioral components hypothesized to be affected by the intervention. 13 This is not only of academic interest. Studies show that theory-driven behavioral messaging interventions are more effective than those that are not theory based. 6, 14 Moreover, behavioral theory can inform evaluation and identify which component(s) of an intervention are most effective 15, 16 -evidence that may aid in program design.
The purpose of the current study was to (1) assess the behavioral effects of CareSmarts, a theory-driven diabetes intervention that combines automated text messaging with remote nurse support, and (2) validate the underlying behavioral model for how mobile phone-based interventions affect self-management. The model, which was developed in a prior study, 17 hypothesizes that selfmanagement improves as a direct result of reminders (eg, cuing) and informative texts but also indirectly through self-efficacy, social support, and health beliefs. Mixed methods were used to achieve study aims, utilizing survey instruments and qualitative research methods, and hypothesized that the intervention would be associated with pre-post improvements in self-care activities, selfefficacy, social support, and health beliefs.
Methods

Research Design
This is a mixed methods observational cohort study. Qualitative methods (in-depth interviews) and quantitative methods (survey data analyses) were used to evaluate a 6-month mobile phone-based intervention that combines automated text messaging and remote nursing using an automated, interactive text messaging system.
Study Sample and Setting
The study took place at the University of Chicago Medicine (UCM), an academic medical center on Chicago's South Side. Study participants were all members of University of Chicago Health Plan (UCHP), a health plan serving employees of the University of Chicago and UCM and their dependents, who largely reside in the working-class, urban African American community surrounding the institution. Study participants were adults ages 19 and older with type 1 or type 2 diabetes who received primary care or diabetes specialty care at UCM. Individuals without access to a personal mobile phone were excluded.
Recruitment
After study approval from the University of Chicago Institutional Review Board, consent was obtained from individual physicians to approach their patients for study recruitment. Patients were recruited between May and August 2012 for a 6-month intervention. All eligible adults received a culturally tailored mailing and up to 2 recruitment calls; individuals with poorly controlled diabetes (A1C ≥8%) were prioritized for recruitment and received up to 10 phone calls. A $25 cash incentive was provided upon completion.
Data Collection
Survey data were collected by telephone at baseline, 3-month follow-up (mid-intervention), and 6-month follow-up (end of intervention). In addition, a subset of participants was invited to participate in individual, indepth interviews with a member of the research team (PH) for approximately 1 hour. A range of participants of varying ages, engagement levels, and satisfaction with the program were recruited until theme saturation. Topic guides were used to provide structure for the interview; these included open-ended questions with follow-up probes. Each interview was audiotaped and transcribed verbatim.
Intervention
CareSmarts is a theoretically guided, mobile phonebased intervention for diabetes behavioral support. It has been described previously and has been shown to improve diabetes control and reduce health care costs among program participants. 18, 19 Briefly, the central component of CareSmarts is an automated, interactive text messaging system. Through the web-based software, patients receive educational messages and reminders about medications, glucose monitoring, exercise, nutrition, and foot care (eg, "Time to check your blood sugar") and text back responses to questions (eg, "On how many of the past 7 days did you take all of your diabetes medications?"). Patients' individual text message programming is tailored during the enrollment process based on their medication and blood glucose monitoring regimens, baseline selfmanagement behaviors, and message timing preferences. It is then "dynamically tailored" every 2 weeks based on participants' preferences and responses to self-assessments. For example, individuals who report low medication adherence or request more frequent reminders will receive more medication reminders than those with high adherence preferring fewer reminders. The system draws from a message bank of over 800 messages that reflect the underlying behavioral model, including education messages ("Did you know that experts recommend moderate physical activity for at least 30 minutes 4 times per week?"), encouragement ("We know managing diabetes can be hard, but you can do it!"), cues ("Time to take your diabetes medication"), assessments ("On how many of the last 7 days did you take all of your diabetes medications?"), and feedback ("7 for 7, perfect!").
Participants are enrolled in CareSmarts over the phone by trained nurses, who then periodically contact them if their responses to self-assessments are outside of predefined parameters. For example, if a participant texts yes to "Do you need refills on any of your medications," he or she will receive a phone call from a nurse to assist with refilling medications. Similarly, a participant who reports low medication adherence will be called and provided tailored education and encouragement. The enrollment process and subsequent outreach calls are designed to build and establish a personal rapport with participants and reinforce the human element behind the CareSmarts program.
Measures Diabetes Self-care Measures
The Toobert et al Summary of Diabetes Self-Care Activities Measure (SDSCA) assesses 5 areas of self-care practice on a 1-week scale (with response options ranging from 0 to 7 days): healthy eating, high fruits/vegetables and low fat intake, exercise, blood sugar testing, and foot care. It is a brief, valid, and reliable measure of selfreported self-management that correlates with other measures of dietary patterns (eg, 3-and 4-day food records) and physical activity (eg, enrollment in an exercise class). 20 
Medication Adherence
Two self-report measures of medication adherence were used: (1) a 1-item question from the SDSCA of weekly medication adherence (response options 0-7 days) and (2) the Morisky 4-Item Self-report Measure of Medication-Taking Behavior (composite scale 0-4). 21, 22 Although both measures correlate with objective measures of medication adherence (eg, claims data), rates of discordance are high, 23 and so both measures were utilized.
Diabetes Self-efficacy
Diabetes self-efficacy was measured using the 8-item Diabetes Self-efficacy Scale (DES) (with 4-point Likerttype responses from 1 = not at all sure to 4 = very sure) that assesses confidence and ability to manage one's diabetes. The DES has been found to correlate with self-management across a range of race/ethnicity and literacy levels. 24, 25 
Health Beliefs
Subscales of the Risk-Perception Survey for Diabetes (RPS-DM) 26, 27 and Diabetes-Related Health Problems (DRHP) 28 were chosen to match behavioral constructs observed in our prior qualitative study. 17 The RPS-DM was designed to measure comparative risk perceptions and has been shown to improve in individuals who receive targeted education related to complications of diabetes. 29 From RPS-DM, a 5-item measure of risk knowledge (with 3-point responses "increases the risk of getting diabetes complications," "has no effect on the risk," and "decrease the risk of getting diabetes complications") and a 4-item measure of perceived personal control (with 4-point Likert-type responses from 1 = strongly agree to 4 = strongly disagree) were measured. From DRHP, 2 measures of participants' perceptions of the likelihood of specific long-term complications, which have been found to correlate with other validated measures of health beliefs, 28 were assessed: (1) a 4-item measure of complications to someone else with diabetes and (2) 4-item measure of complications to themselves (each with 5-point responses: not at all likely, not too likely, fifty-fifty, pretty likely, and very likely).
Social Support
Two 1-item measures of social support by Tang et al 30 associated with diabetes-specific quality of life and selfmanagement behaviors measured (1) the amount of social support received (5-point Likert-type scale from 1 = no support to 5 = a great deal of support) and (2) satisfaction with social support (5-point Likert-type scale from 1 = not at all satisfied to 5 = extremely satisfied). In addition, 4 additional 1-item instruments similar to the Tang et al measures were developed to capture additional elements of social support observed in the pilot study: (1) amount of daily social support received (5-point Likert-type scale from 1 = no support to 5 = a great deal of support), (2) satisfaction with daily social support (5-point Likert-type scale from 1 = not at all satisfied to 5 = extremely satisfied), (3) satisfaction with monitoring (5-point Likerttype scale from 1 = not at all satisfied to 5 = extremely satisfied), and (4) satisfaction with encouragement and feedback (5-point Likert-type scale from 1 = not at all satisfied to 5 = extremely satisfied).
Topic Guides
Topic guides were created for the in-depth interviews with the goal of exploring participants' experiences with the CareSmarts program including both the text messaging and remote nursing components and perceptions of the impact of the program on diabetes self-management. The guide consisted of a list of neutrally worded, openended questions and follow-up probes. Queries began with, "How was the program different from what you expected or wanted going into it?" and followed with probes such as "Can you describe in more detail what you mean by that?" Later in the interview guide, questions were specifically asked about changes to self-efficacy, social support, and health beliefs (eg, "Some patients also told us that the program changed the way they thought about their diabetes while others said it had no effect. Thinking back, have your attitudes or beliefs about diabetes changed in any way and if so, how?") and suggestions for improving the intervention (eg, "How could we make the CareSmarts program better?").
Data Analysis
Descriptive analyses of participants' sociodemographic and clinical characteristics were conducted with the use of means and standard deviations. Patient survey data were collected at baseline, 3 months, and program completion at 6 months to assess diabetes self-care activities, self-efficacy, health beliefs, and social support. Pairwise t tests were used to access changes from baseline to each follow-up time point. A generalized linear mixed effect model was also used to evaluate the intervention effect on each outcome measure over time. The model included Poisson mixed regression for the selfcare activities and social support measures and Gaussian mixed regression model for self-efficacy, health beliefs, and 4-item Morisky scale. All analyses were conducted using STATA software, version 12.1. The significance level was P < .05.
Individual interviews were audiotaped, transcribed verbatim, and imported into Atlas.ti 6.1 software. All deidentified, anonymous transcripts were coded by a team of 5 investigators with experience in medicine, diabetes education, and public health. An initial codebook was developed based on themes that emerged in the previous pilot study including cuing, health beliefs, social support, and self-efficacy. Five coders all independently coded the first transcript and then met as a team to discuss the transcript and codes and create uniform coding guidelines. Subsequently, each transcript was independently coded by 2 randomly assigned reviewers, who then met to resolve coding discordance. Outstanding issues were resolved by the group. New concepts and themes were discussed in an iterative fashion until a final codebook was created and all themes had emerged.
Results
Study Sample Characteristics
Of the 372 adult members of UCHP with diabetes eligible for this study, 74 were successfully enrolled and 67 completed the entire 6-month intervention and follow-up (Table 1) . Reasons for discontinuing included not finding the program helpful (n = 3), loss to follow-up (n = 3), and termination of health plan membership (n = 1). Participants were all under age 70, and the average age was 54 years. Over half identified themselves as African American (54%), and the median individual had at least some college or an associate's degree. About one-third of participants had well-controlled diabetes A1C ≤7%, onethird moderately controlled diabetes A1C 7% to 8%, and one-third poorly controlled diabetes A1C ≥8%.
Behavioral Measures
At 3 months, the number of days in the past week participants performed a self-foot exam (P = .01) and exercised for at least 30 minutes (P = .04) improved compared to baseline (Table 2) . At 6 months, in addition to exercise and foot care, 1 of the 2 measures of healthy eating (P = .02) and 1 of the 2 measures of self-glucose monitoring improved (P = .01). At both 3 months (P < .01) and 6 months (P = .02), the 4-item Morisky Medication Adherence score improved compared to baseline; however, no change in weekly medication adherence was observed. In the random effects model, improvements were observed in 1 or more measures of blood glucose monitoring, foot care, exercise, healthy eating, and medication adherence. No changes in consumption of recommended servings of fruits and vegetables and low amounts of fat were observed.
Self-efficacy improved at 3 months compared to baseline (P = .01) and remained improved at 6 months (P = .01) ( Table 3 ). The amount of social support received overall and received daily improved at 3 months and 6 months, while satisfaction with overall and daily social support improved only at 6 months. Satisfaction with feedback also improved at 6 months (P = .02). None of the health belief measures significantly changed at 3 months; at 6 months participants perceived an increased risk of long-term diabetic complications in others (P = .02), but not themselves (P = .54), and an increase in perceived personal control (P = .04). In the random effects model, only self-efficacy, amount of daily social support, risk of long-term complications in others, and perceived control changed over time.
In-depth Interviews
A number of themes emerged concerning how the program affected individuals' self-care activities, selfefficacy, social support, and health beliefs, many of which were described in the prior pilot study 17 and observed in the survey measures described previously (Table 4 ). In addition, themes emerged regarding threat perception, a construct of health beliefs seen in our prior study but not demonstrated quantitatively here, and new constructs including participants' attitudes, knowledge, and ownership of diabetes, which are discussed in the following.
Threat Perception
Participants reported becoming less in denial of their diabetes as a result of the program (perceived susceptibility) and more awareness of the seriousness and consequences of their condition (perceived severity). This was sometimes attributed to the frequency of the messages they received (eg, weekly foot care reminders) and sometimes to the content of the messages (eg, education about the risk of harmful foot infections in diabetes). 
Knowledge
The text messages also helped increase participants' knowledge about their diabetes and about self-care. Participants felt that at times the program helped them recall information they had received elsewhere and at 
Selected Participant Commentary on the Behavioral Effects of the CareSmarts Intervention
Themes Quotes
Cues to action [The text messages] were definitely helpful in keeping me on track. Helpful in reminding me about testing and medication. Umm, and umm giving me tips, things like you know don't test just in the morning, test at other times during the day, I forgot some of the other tips. Oh, you don't have to stick it in the middle of your finger, you can stick it in the side of your finger so there were some certainly useful facts and stuff aside from just the reminding. I think it is because sometimes you avoid thinking about maybe being diabetic because then you have to make choices and maybe, you want to have a piece of pie or maybe you don't want to exercise. So, you don't. You eat the pie and maybe your sugar doesn't show it, and you eat pie tomorrow, too and you don't exercise because your sugar doesn't show it. But, the program put it in front of my mind, so I did make better choices, and especially with the exercising and a little bit better eating. I liked the reminders, umm, my days sometimes can get kind of hectic so just having that reminder, especially if like I'm doing this job and another job, I might forget to do some things so just having a reminder, hey you might want to take some meds, it works. Because sometimes I'm again not feeling well and like why don't I feel good? Oh, you didn't take your medicine today so when the texts come across I might you know remember that so. It was just that it was a reminder of, "Don't forget you're diabetic, today." You know that's why it worked for me.
Self-efficacy
You can be confident in taking your readings and taking your medications but are you confident that you are doing it the right way. You might be doing it but are you doing it the right way so these text messages sort of lead you into doing it the right way; are you checking it the right number of times. I am checking my blood sugar but I was not checking it the right number of times a day so that doesn't mean that I wasn't doing something. I am taking my medicine but am I taking all of it and the number of times it is prescribed. So that is what it helps you do because you can be doing it but you are not doing it the right way which is important. But, the program put it in front of my mind, so I did make better choices, and especially with the exercising and a little bit better eating. And then, I feel better. And so, I realize that if I make the right choices, I will get a better result overall. So, I do feel more confident in that because you start to feel like no matter what I do, I'm falling apart like left and right. What is the point? But, I do. I feel a lot better with the exercise, and even though my sugar has always been good, I can see that I can make improvements. It's not just about that sugar number. It's about are you taking care of your body because it is all connected.
Beliefs
Interviewer: Do you think your attitudes or beliefs about your diabetes have changed in any way? Interviewee: I would say so, yes. I think I guess you are sort of in denial that it is going to go away and the doctor made a mistake, but eventually you will say this is it you have to deal with it, you've got it so yeah I think it has. I would say I'm more concerned about it [after completing the program]. Umm, more concerned about keeping it under control, a little bit umm more aware of what the consequences are and probably a higher awareness that I'm not superman and not immune to them. That unless I do control it, there are going to be consequences. So yeah I think my outlook has gotten more realistic and more pragmatic. Knowledge
Interviewer: What types of messages did you like reading more than others? Interviewee: Sometimes, they'll ask you questions like, "Do you know that you're supposed to have five fruits and vegetables?" I was like, "Huh, really?" Or, it would say, "Do you know that a normal blood sugar level is between this and this?" I'm thinking, "Well, I don't know how I couldn't know that," but I didn't. So, those kinds of informative things were good. The tip I remember is I usually eat fruits, a lot of fruit and according to the text messages stay away from the canned foods, I mean canned fruit. I didn't know that. I used to love that stuff. It's high in sugar. But like I said I'm more aware of my sugar intake than before.
(continued)
other times provided them new information (eg, importance of foot care).
Another thing is something that came across as a message or whatever but I never used to stick my thumb and I'm going well I keep rotating between four fingers, what's the matter with the thumb? Sure it works, it's got blood just like everything else. So yeah, umm information like, I say it should be obvious to the casual observer that, you know, there is blood all over the place you don't have to stick right in the center of the finger but it wasn't to me. It was something that umm "oh yeah" and I think there are a lot of things that people don't necessarily, that are out there and
Themes Quotes
Attitudes I think I'm a lot more tuned into myself to the point that before it's like, oh, I'm diabetic and I have to deal with this and this sucks and all of that and now I'm like, okay, I'm diabetic and I can't have that and I have to watch this and I have to watch that and it's okay, no problem. I'm not as hard on myself now as I was before. I used to be super hard on myself and now it's let me know, okay, it's just a condition, it's you know, people call it a disease but it's a condition. Social support Interviewer: So you described it as a "safety net." Can you just sort of describe in a little more detail what you mean by that? Interviewee: It means that umm I don't have to rely entirely on myself. In other words, umm without the messages I have to get up in the morning and say ah, test blood sugar, make sure you eat something and take the medication and it's on me. Umm, my wife is not going to say did you take your blood sugar, the dog isn't going to come up and yap at me because I didn't test or something like that. It's on me. Whereas here I've got something else, something external, something from the outside prompting me. It's something that is not under my direct control that I can forget about or turn off or ignore, well yes I could certainly ignore it. But it's something out there outside of my control which is going to prompt me. Well like I said the foot care was important and it is a reminder you know did you take you medicine. I have funny eating habits so just a reminder that you asked me did I take my medicine made me want to take it like I am supposed to take it, twice a day not once a day in the middle of the day. So it's like I don't want to say someone watching over you in a bad way with a negative connotation but with a positive like "are you doing what you are supposed to do" or "this is what you need to do to get better or stay better" so I liked it for that reason. It wasn't my doctor saying it in a mean way it was a text message saying did you take your medicine today. I appreciated that. Ownership
Interviewee: I think this is what this helps you to do so now when you get a text message did you check your blood sugar the number of times recommended by your physician and you can say yes, almost instead of no I didn't. I literally did that one day. I didn't even respond I am like I am not responding because she is going to call me so why respond so I just didn't respond. It makes you take some responsibility for yourself and I didn't want you to know I wasn't doing that. So that is a good thing. Interviewer: Asking people to take responsibility? Interviewee: Yeah, or did you do it reminding you so it made me say to myself okay by the time they send me this question again I will have done better because we want to do better for ourselves whether we admit it or not. Because it did make me accountable for testing and taking medication and umm, as I say it made me feel guilty. It reminded me and said did you check. And you know it felt good to say yes, I did, my blood sugar was so and so. It was positive feedback for me in being able to respond positively to these questions and umm to me that's valuable and I can see this sort of tailing off. Yes, it's a habit now but oops well I forgot this morning I skipped it or didn't do it or you know it goes downhill. I feel that I could maintain this much better if I had the umm text messages reminding me and keeping me accountable so I feel that it's helped me and umm, will continue to help me and without it there would be a distinct possibility I would backslide. I wouldn't say I would definitely or not but I know that it's you know easy to do and ahh this would be a crutch or an aid to not backsliding. (continued)
"everybody knows them" and stuff but they may not necessarily be aware of or it may not be something they have encountered.
Many participants requested additional information including interpreting blood sugar values, healthy recipes for diabetes, and community resources for physical activity.
Ownership of Diabetes
Participants stated that the program made them feel more "accountable" for their condition. They began to feel that they were responsible for their diabetes care and started setting goals for themselves outside of the prompts and reminders they received from the program.
Even after 6 months, I've been getting some messages and lot of them I would just dismiss and sometimes, they would sink in, especially. I would think about it. Okay, well, you should watch what you're eating. But, I just realized when we talked the other day, it's like, "Oh, how good are you?" "Oh, I'm really good. I do really good. I'm really good." "So, how many days this week did you eat 5 servings of vegetables and fruits?" And, I'd be like, "None." So, I'm thinking, "How good are you?" You think you're good but then, you're not. So, I'm not doing parts of what I should be doing because I think I'm so good at these other parts. So, it just reminded me that if it's available and if I take it for how it works for me, when the texts come through, it should remind me 5 fruits and vegetables. So that's kind of my goal this year is to do better about eating those 5 fruits and vegetables.
Behavioral Model
The model hypothesizes that CareSmarts improved self-management directly through cues to action and enacted support but also indirectly through knowledge, attitudes, beliefs, self-efficacy, and social support ( Figure  1) . Automated text messages provide participants with information, education, reminders, and self-assessments, while remote nursing provides information, education, and enacted support (eg, telephone-based coaching, assistance with refills). These cues to action affect contextualization of threat (eg, perceived benefits and perceived benefits of adopting a promoted behavior), perception of threat (eg, perceived susceptibility, perceived severity), knowledge of diabetes, and attitudes toward diabetes. Cues to action also help build self-efficacy and together with remote nursing increase participants' sense of social support. Social support, self-efficacy, and knowledge, attitudes, and beliefs in turn affect individuals' self-care activities and their sense of ownership over their condition.
Discussion
This study explores the behavioral effects of a mobile phone diabetes self-management intervention that has previously been shown to improve diabetes control and reduce health care costs. 20 Findings indicated that this theory-based intervention was associated with improvements in each of the major self-care domains-medication taking, self-monitoring of blood glucose, foot care, exercise, and nutrition-and improvements in selfefficacy, social support, and health beliefs as hypothesized in this behavioral model. These findings challenge the prevailing assumption that mobile phones largely affect behavior change through reminders (eg, cues to action) and support the idea that behaviorally driven mobile health interventions can address multiple behavioral pathways associated with sustained behavior change.
This study adds to a small but growing body of evidence demonstrating how mobile phone diabetes interventions drive behavior change. Although a number of studies have demonstrated improvements in selfmanagement and glycemic outcomes, 31 we are only aware of 1 other mobile phone diabetes intervention that attempts to explore the underlying behavioral effects of their intervention. In the Sweet Talk trial, a text messaging intervention in adolescents with type 1 diabetes based on social cognitive theory, investigators observed increased diabetes self-efficacy and social support in the treatment groups compared to control. 32 Outside of diabetes applications, a number of effective smoking cessation and weight loss mobile phone interventions have been based on the transtheoretical model, social cognitive theory, and theory of planned behavior. 13 However, few studies have evaluated whether the behavioral constructs implicated in their models are in fact affected by the intervention. Thus, this study fills an important gap in theory-driven mobile health interventions and the evidence base for how these promising interventions support behavior change and, ultimately, health outcomes. 20 Because mobile phones are a platform, and not a solution itself, behavioral pathways that are affected depend critically on program design. In this study, participants reported that their interactions with remote nurses were important to their sense of increased social support. Although participants never met with their nurses face to face, they were all staff members in participants' health plan, had expertise in diabetes, and provided education and assistance when needed-all of which helped build participants' social connection with the program, which the text messages then reinforced and strengthened. Twoway interactivity in this program gave participants the opportunity to text back responses to self-assessments and receive immediate feedback (eg, "Great job!"), which helped build self-efficacy. Finally, the content of the text messages, which included not only tips on healthy eating but also encouragement messages, increased participants' knowledge about diabetes and shaped their attitudes about their condition. Numerous studies show that social support, 33, 34 self-efficacy, 35 health beliefs, 36 attitudes, 37 and knowledge 38 are all important mediators of diabetes self-management-findings that underscore the importance of leveraging these behavioral pathways when designing behavior change interventions using mobile phones.
Importantly, these behavioral mediators were not equally relevant across all patients. For example, some participants found the knowledge they gained from informational texts more helpful for self-managing their diabetes than the reminders while others found reminders invaluable for keeping organized and reinforcing the seriousness of their condition. These individual-level differences may help explain why no measurable improvements were found in survey measures of threat perception despite reports of increased awareness of personal risk of complications and greater acceptance of diabetes among patients in individual interviews. Higher baseline knowledge and awareness of diabetes, as may be observed in individuals with higher socioeconomic status, 39 may have made these mediators less salient to most participants, even though they were highly relevant to some. Because tailored interventions have greater efficacy than nontailored interventions, 40 these findings are important to consider when implementing mobile phone-based programs in diverse populations.
This study has important limitations. First, it was an observational cohort study without a control group or a text messaging only arm, which limits the ability to establish causality. Second, although racially diverse, this study population was commercially insured and relatively well educated, which may limit generalizability, particularly to vulnerable health populations where these interventions may be most needed. Third, long-term follow-up is lacking, which will be important to assess in future studies to understand whether these interventions result in sustained behavior change. Nonetheless, this study has several strengths, including the use of validated behavioral assessments at multiple time points and semistructured interviews to more fully explore the behavioral effects of the program and minimize observer bias.
Summary and Implications
Findings indicated that among adults with type 1 or type 2 diabetes, a theory-driven mobile phone intervention led to improvements in diabetes self-care and multiple behavioral constructs including self-efficacy, social support, and health beliefs. As a low-cost and widely available technology, mobile phones are already recognized as a readily scalable platform for addressing chronic diseases. This study suggests further that they can also be a successful and versatile tool for behavior change and may represent a powerful adjunct to traditional diabetes education. Diabetes educators can provide a foundation of knowledge from which interactive programs such as CareSmarts work to sustain further knowledge gains and behavioral changes.
